Abstract : Combining power generation and water production by desalination is economically advantageous.
[ Figure 1 ] Cumulative contracted capacity of desalination plants [1] 1. Introduction
Nearly three-quarters of the earth's surface is covered with water. The estimated total volume of water is 1.3x1018 m3. However, 97.5% of this water is contained in the oceans, which are highly saline and unfit for human consumption.
Of the fresh water resources (i.e., the remaining 2.5%), a major portion is locked up in polar ice and glaciers. On balance, less than 1% is accessible for human use with about 9x1012 m 3 available as natural surface and ground water and another 3.5x1012 m 3 impounded by dams and reservoirs [1] .
Desalination as a source of fresh water is the life blood for the economies of many countries and regions around the world (e.g.,
United Arab Emirates (UAE), Kingdom of Saudi
Arabia (KSA)).
Over the last 20 years, construction of desalination plants has increased dramatically as illustrated in Figure 1 . Recently, the relative shares of desalination technologies is 60% for RO, 30% for MSF and 10% for MED [2] .
Most desalination projects employ fossil fuels as an energy source thus contributing to increased emissions of greenhouse gases. Environmental concerns associated with the use of fossil fuels have spurred researchers to find new sources of energy for desalination plants.
The coupling of nuclear power production with desalination is one of the best options to achieve growth with lower environmental impact.
As driven by low fuel costs and low environmental impact, nuclear power has long been of interest for non-electricity energy production and use (e.g., hydrogen generation, district heating applications, and more recently, desalination).
Nuclear desalination as defined by the IAEA is:
"the production of potable water from sea water in a facility in which a nuclear reactor is used as the source of energy for the desalination process". Both electrical and thermal energy may be used in the desalination process. The co-generation facility may be dedicated solely to the production of potable water, or may be used for the generation of electricity and the production of potable water, in which case only a portion of the total energy output of the reactor is used for water production. In either case, the notion of nuclear desalination is taken to mean an integrated facility in which both the reactor and the desalination system are located on a common (or adjacent) sites and energy is produced on-site for use in the desalination sys-tem. It also involves at least some degree of common or shared facilities, services, staff, operating strategies, outage planning, and possibly controls facilities, along with seawater intake and outfall structures [1] .
Nuclear energy for seawater desalination is used in Japan and Kazakhstan. Besides their experience, many other countries have shown a noticeable interest in nuclear desalination 시스템엔지니어링 학술지 제12권 1호. 2016. 6
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[ Figure 2 ] Global desalination plant capacity [4] through several designs and studies including: 
Desalination Coupled with NPP

Desalination Technologies
The major two types of desalination technologies used around the world can be broadly 
MED Method
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[ Figure 3 ] Schematic diagram of a nuclear power reactor coupled to an MSF plant [1] nominal rejection ratio of common ionic salts is 85-98% [6].
Desalination and Nuclear Power Reactor
While electricity is a fungible commodity with as an additional isolation loop [1] .
DEEP Software Tool
The potential benefits of using nuclear power The DEEP software includes analysis and re-porting of the following [1] :
• Calculation of the levelized cost of electricity and desalted water as a function of quantity, site specific parameters, energy source, and desalination technology.
• Comparison of a large number of design alternatives on a consistent basis with common assumptions.
• Identification of the lowest cost options for providing specified quantities of desalted water and/or power at a given location.
DEEP has the capability to model nine (9) types of power plants (five (5) fossil plants, three (3) NPPs and one (1) (see Table 1 ).
DEEP input variables are split into the following categories:
• User input data: Case specific input such as power and desalination plant capacity, discount rate, interest, fuel escalation, etc., [ Figure 5 ] Cost breakdown of desalination plant economic model [2] The evaluation is done using DEEP 5.1 which gives the approximate cost of water and electricity.
These parameters can be used for the comparison of different types of desalination technology.
As discussed earlier, results will include both cases with no applied interest or carrying costs, and cases which include these factors. The data shown in this Table (Table 5) were based on references which are now considered (Table 6) [3].
To minimize the gap between the demand and the supply of water in the KSA, future planning and construction of additional desalination capacity will have to be considered. In this paper, coupling of the APR1400 to de- KSA water demands and supplies.
Results and Analysis
To investigate the best and most economical desalination technology coupled with the APR1400 based on KSA conditions, the DEEP 5.1 computer code was used with Table 4 Table 7 .
Results are presented in Tables 8 and 9, respectively. Table 8 and Figure 8 indicate the most economical coupling of the APR1400 to desalination technology is for the RO and MED-RO processes.
It is noted here that for RO, the output water salinity is higher than considered to be suitable • RO reject and feed can be used as a cooling source for the heat rejection section of the MED.
• Blending the RO reject stream with warm seawater and blowdown from the MED or power plant (APR1400) reduces the heavy density plume from the RO outfall.
• Blending of the RO permeate reduces the temperature of distillate, and
• A smaller seawater intake and outfall can be employed for the combined process.
Finally, based on the simplified results from Scenarios Nos. 1 and 2, and the benefits citied above for the hybrid system, consideration of the hybrid desalination plant MED-RO coupled with APR1400 appears to have many advantages with-out a significant cost penalty. Table 10 and Figure 9 provide additional details for the economic evaluation of coupling APR1400
with MED-RO desalination plant based on Scenario
No. 1. Figure 10 illustrates the economic evaluation of co-generation using the APR1400 with MED- 
Conclusion
Current desalination technologies and economic evaluations of coupling the APR1400 with a desalination plant based on KSA conditions are presented in this paper.
The DEEP 5.1 computer code was used to compare the costs of various desalination technologies to be coupled with the APR1400.
As the current KSA practice is to construct and operate desalination plants with an assignment of zero interest and discount rates, the evaluation here is divided into two scenarios. In the first the water utility is under direct government control and in this case the interest and discount rate will be zero. The second scenario will assume that the water utility is controlled by a private enterprise and in this case we will consider a range of values of interest and discount rates (4%, 8% & 12%).
Based on the analysis of Scenarios Nos. 1 and 2, and the benefits of hybrid system, results here indicate that hybrid desalination technology using MED-RO to be coupled with APR1400 appears to be attractive.
Since: (i) cost inputs are highly variable and local labor rates are highly dependent on the use of foreign workers, and (ii) the product quality is highly dependent on the end users (e.g., potable water needed?), this study primarily provides the methodology for the economics of the coupling.
Specific studies would employ a similar approach using more recent and proprietary data and may likely show the same result, that hybrid technology is economically attractive.
